objectives:
To detail clinical and polysomnographic characteristics in patients affected with Trypanosoma brucei gambiense (T.b.g.) human African trypanosomiasis (HAT) at different stages of evolution and to measure and compare cerebrospinal fluid (CSF) levels of hypocretin-1 with narcoleptic patients and neurologic controls. Methods: Twenty-five untreated patients affected with T.b.g. HAT were included. The patients were evaluated using a standardized clinical evaluation and a specific interview on sleep complaints. Diagnosis of stages I and II and intermediate stage was performed by CSF cell count and/or presence of trypanosomes: 4 patients were classified as stage II, 13 stage I, and 8 "intermediate" stage. Seventeen untreated patients completed continuous 24-hour polysomnography. We measured CSF levels of hypocretin-1 in all patients at different stages and evolutions, and we compared the results with 26 patients with narcolepsy-cataplexy and 53 neurologic controls. results: CSF hypocretin-1 levels were significantly higher in T.b.g. HAT (423.2 ± 119.7 pg/mL) than in narcoleptic patients (40.16 ± 60.18 pg/ mL) but lower than in neurologic controls (517.32 ± 194.5 pg/mL). One stage I patient had undetectable hypocretin levels and 1 stage II patient showed intermediate levels, both patients (out of three patients) reporting excessive daytime sleepiness but without evidence for an association with narcolepsy. No differences were found in CSF hypocretin levels between patients with HAT stages; however, the presence of major sleep-wake cycle disruptions was significantly associated with lower CSF hypocretin-1 level with a same tendency for the number of sleep-onset rapid eye movement periods. conclusion: The present investigation is not in favor of a unique implication of the hypocretin system in T.b.g. HAT. However, we propose that dysfunction of the hypothalamic hypocretin region may participate in sleep disturbances observed in African trypanosomiasis. (Stage II); and an intermediate stage between those cell-count limits, the sample being free of any trypanosome. 6, 7 Considering the difficulty of stage determination, the international community has recently stressed the importance of reenforcing specific and sensitive diagnostic methods. [6] [7] Polysomnography has been proposed as a potential diagnosis and follow-up tool in T.b.g. HAT.
8 Polysomnographic features in Stage II comprise major sleep disturbances with alterations in the 24-hour sleep-wake distribution and alterations of sleep structure with the occurrence of sleep-onset rapid eye movement (REM) periods (SOREMPs).
9
T.b.g. HAT shares some features with narcolepsy, such as severe excessive daytime sleepiness (EDS), sleep fragmentation, and especially the occurrence of SOREMPs. 8, 9 Cataplexy has not been individualized in T.b.g. HAT because advanced cases of the disease are rare nowadays, due to the efforts sustained to detect and treat patients at the earliest stage. However, descriptions of cataplexy-like events such as sudden loss of muscle tone have been reported in the literature, especially in the well-documented cases described by Lhermitte (1910) , 10 and have been seen regularly on amateur films. Because neuropathologic studies have shown severe and selective loss of hypocretin neurons in the posterior hypothalamus in narcoleptic brains, 11,12 the hypothesis that sleep disturbances in T.b.g. HAT may result from hypothalamic damage to the hypocretin system was explored.
The aims of the present study were (1) to compare CSF levels of hypocretin-1 to clinical and polysomnographic characteristics of patients at different stages of T.b.g. HAT and (2) to compare the results with those of narcoleptic patients and neurologic controls.
patieNts aND MethoDs patients
Patients were recruited during a field survey in Angola in 2003. The investigation was conducted in the hilly (1100-1200 m altitude) Kwanza Norte province (Samba-Cajù and Camabatela). The protocol was approved by the public health authorities of Angola (Ministry of Health), and all included patients gave their informed consent to participate.
Patients' interview and clinical signs were collected and are summarized in Table 1 . Briefly, EDS (defined as the inability to stay awake and alert during the major waking episodes of the day, resulting in unintended lapses into sleep), insomnia (defined by a repeated difficulty with sleep initiation, duration, consolidation, or quality, resulting in daytime impairment), fatigue (defined as lack of energy, listlessness, or weariness as from labor), sensory and gait disturbances, presence of primitive reflexes (palmomental reflex, sucking reflex), modified ten- 
Blood samples
Blood and CSF samples were taken from each patient between 09:00 and 17:00 in the course of conventional diagnostic procedures. Samples were stored immediately in liquid nitrogen for transportation, then at -80°C until use.
polysomnographic recordings
The continuous 24-hour polysomnographic recordings were collected on Vitaport 2 ambulatory systems (Temec, Kerkrade, The Netherlands). Traces were visually analyzed in 20-second epochs according to standard criteria 13 using the PRANA software (PhiTools, Strasbourg, France). Because 5 patients had been previously treated and 1 patient had died from cerebral malaria before examination, polysomnographic recordings were considered in 19 patients, but only 17 traces were readable (Table 2) . Sleep-wake disruptions were analyzed as previously proposed 8, 9 : (0) undisturbed sleep-wake distribution, sleeping at night and staying awake during the day; (1) fragmented sleep with normal day-night (nychthemeral) distribution, with conserved higher nighttime sleep than daytime sleep; and (2) major disturbance of the sleep-wake cycle (circadian dysrhythmia: sleep and wake episodes alternating throughout the 24-hour cycle, with nearly the same amount of sleep time during daytime and nighttime). The number of SOREMPs (refer to any sleep onset in which REM sleep occurs within a lapse of 0 to 15 minutes after the onset of sleep) in each sleep episode was noted. neurological conditions, 517.32 ± 194.5 pg/mL (n= 53, extreme 123 to 996) (P < 0.001) (Fig. 1) . Tukey HSD post-hoc analysis revealed that, as a group, HAT patients had higher CSF hypocretin-1 levels than narcoleptic patients (P <0.0001) but lower levels than neurological controls (P < 0.03). Table 2 gives hypocretin-1 values in 17 patients in whom polysomnographic recordings were readable, as well as a summary of biological, clinical and sleep data for each patient. Only two HAT patients showed abnormal levels of CSF hypocretin-1 (Table 2) . A 15 year-old female (SC12) was found with undetectable CSF hypocretin-1 levels. She reported fever, cephalalgia and EDS without any nocturnal insomnia, sleep attacks, clear-cut cataplexy, hypnagogic hallucinations or sleep paralysis. Clinical examination failed to report any pyramidal, extrapyramidal and cerebellar signs, psychiatric symptoms, or episodes of anorexia or bulimia. She was classified as being at stage I according to the presence of only 1 cell/µL in CSF and absence of any trypanosome. The continuous 24-h polysomnography revealed a complete disruption of the circadian occurrence of sleep and wakefulness episodes, and the occurrence of three SOREMPs. Patient SC3, a 27-year old man, showed intermediate CSF hypocretin-1 levels (194 pg/mL). This patient was affected with stage II (179 cells/µL and presence of trypanosomes in the CSF), accompanied by an alteration of general state, fever, cephalalgia, EDS and nocturnal insomnia, sensory and gait disturbances, and confusion. The 24-h polysomnography revealed a severe disruption of the circadian sleep-wake cycle, and the occurrence of four SOREMPs.
The complaint of EDS occurred in only three patients (Table  2 : SC3, SC6, SC12), two of them having low or intermediate CSF hypocretin-1 level, and two being at stage II. The continuous 24-h polysomnographic recordings revealed high sleep fragmentation with nychthemeral disruption in six patients including three patients at stage I and three at stage II (Table 2 ).
using [
125 I] radioimmunoassay kits (Phoenix Peptide, Phoenix Pharmaceuticals, Inc., Belmont, CA) in accordance with the manufacturer's instructions. The detection limit was 40 pg/mL, and intraassay variability was less than 10%. CSF hypocretin-1 levels below 110 pg/mL were considered as low, intermediate between 110 and 200 pg/mL and normal over 200 pg/mL, as already reported in Mignot et al. 15 Results were compared to available samples from our Reference centre from narcoleptic patients with cataplexy (n=26) but also to normal values obtained from CSF from patients with neurological diseases known not to affect the hypocretin system (neurodegenerative, inflammatory and vascular disorders; n= 53), after duplicating the measure with the Leiden reference centre. All values were finally back-referenced to Stanford reference samples.
statistical analysis
Statistical analyses were performed using one-way analysis of variance (ANOVA) or χ 2 test, depending on data distributions to compare CSF hypocretin levels among T.b.g. HAT patients at different stages, and between HAT patients, narcoleptic patients and other non infectious neurological disorders. Contrast analyses were carried out with Tukey HSD test. Data are reported as mean ± standard deviation (SD). Statistical significance was set at P < 0.05.
results

Mean (± SD) CSF hypocretin-1 level in T.b.g. HAT was
421.5 ± 123.4 pg/mL (n= 25, extreme 0 to 579 pg/mL), without statistical differences between stage evolution (Fig. 1, Table 1 ). CSF hypocretin-1 levels in HAT patients were significantly different from narcolepsy with cataplexy patients, 40.16 ± 60.18 pg/mL (n= 26, extreme 0 to 271 pg/mL) and to other various Since the description of SOREMPs in patients with narcolepsy, narcolepsy has often been regarded as a disorder of REM sleep generation.
11,16, However, SOREMPs also exist in other rare sleep disorders and in normal adults as recently reported in a large community-based study with high body mass index (BMI) and frequent antidepressants intake. 17 In the present study, BMI was quite low and none of the patients was treated with antidepressants. In the present study, SOREMPs and sleep fragmentation were observed especially in stage II patients, although one of them (SC4) had no abnormal sleep patterns. Furthermore, three patients among 13 at stage I or intermediate stage showed disturbed sleep patterns with one SOREMP, and four patients more than 1 SOREMP ( Table 2 ). The present data seem to indicate that the occurrence of one SOREMP may represent a threshold indicating an involvement of CNS dysfunction.
A dramatic decrease in the number of hypocretin-containing neurons of the hypothalamus and undetectable CSF hypocretin-1 level have been reported in most patients with narcolepsycataplexy. 12, 15, 18 In addition, a low CSF hypocretin-1 level was highly specific (99.1%) and sensitive (88.5%) for narcolepsy with cataplexy. 15, 18 Only rare other neurological conditions as encephalopathy, Guillain-Barré in a large proportion of Asian patients and traumatic brain injury are associated with low CSF hypocretin levels. 15, [18] [19] [20] We reported in the present study that CSF hypocretin-1 levels were significantly higher in T.b.g. HAT patients than in narcoleptic patients with cataplexy but lower than in the patients with other neurological conditions. We may note that our neurological controls but also T.b.g. HAT patients present higher CSF hypocretin-1 levels when compared to values of normal healthy subjects, 15 findings in relationship with the use of different CSF samples and with the high intethe use of different CSF samples and with the high interassay variability of the RIA kit. However, we measured the CSF samples at different concentrations for the correct determination of CSF hypocretin-1 levels and all CSF hypocretin values reported in the present study were transformed to the Stanford reference values. A dysfunction of the hypothalamic hypocretin region may be involved in T.b.g. HAT especially in cases of sleep disturbances. Hence, two of the three patients with a complaint of EDS had abnormal CSF hypocretin-1 level, including one patient with undetectable level being an exceptional condition in absence of narcolepsy-cataplexy. We also found that the presence of major sleep-wake cycle disruptions was significantly associated with lower CSF hypocretin-1 level, with a same tendency for the presence of SOREMPs. One may also hypothesize that nocturnal sleep-wake disturbances were caused by other non-specific symptoms frequently reported in HAT patients such as pain and headache, and not by the disease process per se. However, our results do not favor this hypothesis and previous studies in HAT revealed that nocturnal sleepwake disturbances were correlated to HAT stages evolution. 8, 9 Furthermore, previous reports observed no differences in sleep Figure 2 represents examples of hypnograms obtained from 24-hour polysomnography of three patients before treatment at three different stages of evolution. Comparisons between sleepwake pattern groups revealed that patients with severe sleepwake cycle disruptions (score at 2) had significantly lower CSF hypocretin-1 levels when compared to patients with normal or only mild (score at 0 or 1) sleep-wake cycle abnormalities (mean ± SD at 301.7 ± 77.3 vs 459.8 ± 17.0 pg/mL, P= 0.0068) ( Table 2 ). However, this difference did not hold when patients with abnormal CSF hypocretin-1 levels (SC3 and SC12) were excepted from the statistic.
The occurrence of at least one SOREMP among sleep episodes was noted in 10 patients and at least two SOREMPs in seven. Among the latter patients, two exhibited abnormal CSF hypocretin levels. Although non significant, there was a tendency for CSF hypocretin-1 differences between patients with at least two SOREMPS and those with none or only one SOREMP (mean ± SD at 329.9 ± 188.4 vs 455.8 ± 57.9, respectively, P=0.083).
Considering specifically the occurrence of SOREMP and their relation to CSF cell count staging including stage II (>20 cells/µL of CSF) and stage I (<5 cells/µL), we noted that stage II patients differed significantly from the stage I group, with 3.0 ± 2.2 SOREMPs per 24-h for the former group vs. 1.2 ± 1.6 for the latter group (P=0.039). In this case, CSF hypocretin-1 values were lower even non significant in the stage II group (320.5 ± 101.2 pg/mL) than in stage I patients (424.1 ± 142.6 pg/mL). When patients with abnormal CSF hypocretin-1 results (SC3 and SC12) were excluded, mean values ± SD gave 465.4 ± 61.2 pg/mL in stage I patients vs. 362.7 ± 69.0 pg/mL in stage II patients, the difference becoming significant (P=0.036).
DiscussioN
As previously hypothesized, polysomnography may represent a diagnostic tool to distinguish the two stages of T.b. gambiense HAT.
8 The occurrence of SOREMP and/or sleep disruptions are thought to be important to diagnose the CNS involvement, especially in misclassified intermediate or stage I patients, in whom clinical and laboratory findings often fail to determine accurately the passage from stage I to stage II. Despite an extensive immune reaction during the initial hemolymphatic stage, EDS remains classically absent. In addition, only two patients at stage II did report EDS. However, one patient classed as stage I from CSF counts (SC12) complained of EDS and had undetectable CSF hypocretin-1. As this patient had also a highly disturbed polysomnography, it may be that the case could have been misclassified. One may hypothesize that patient SC12 was affected with both T.b. gambiense HAT and narcolepsy. However, the occurrence of both conditions concomitantly remains improbable, due to the rarity of the narcolepsy disorder, the absence of positive history of EDS before the HAT onset, and the absence of other features of narcolepsy such as sleep attacks, clear-cut cataplexy, hypnagogic hallucinations, sleep paralysis, obesity or parasomnias. In addition, no clear clinical or polysomnographic differences except the severe EDS allows to distinguish patient SC12 from other HAT patients of the present study. Despite the absence of HLA typing and the absence of possibility to interview the patient after patterns of stage II HAT patients whether they were recorded with or without an intravenous catheter during two consecutive randomly assigned twenty-four hour polysomnographic recordings. 21 Overall, the present investigation is not in favor of the direct and/or unique implication of the hypocretin system in T.b.g. HAT.
Localizations of CNS lesions are unclear in HAT while CTscan, MRI and/or autopsy have not reported any systematized neuropathological alterations so far. 22, 23 Recent MRI findings in the meningoencephalitic stage show unspecific and wide lesions, involving bilateral and central lesions in the deep white of the internal and external capsule, cerebellum, splenium of the corpus callosum but also in the gray matter of basal ganglia and cerebral cortex. [22] [23] Autopsy studies in patients who have died from stage II HAT revealed a meningoencephalitis with a diffuse white matter infiltration with perivascular cuffing of lymphocytes. 24 None of those studies have reported an infiltration of the hypothalamus region but this region has not been extensively studied in HAT.
One question addressing the presence of cataplexy in our population remains uncertain. In our experience, an abrupt loss of cervical muscle tone in stage II HAT patients is often observed. However, the triggering of such abrupt events by emotional factors has not been established mainly due to language difficulties and culture differences, and the potential association of cataplexy to the "narcolepsies of sleeping sickness" 10 remains unclear. Old literature in the field noted the existence of a cataplectic form of HAT with atonia of striated muscles in late-stage of the disorder.
10 Furthermore, no HLA DQB1*0602 typing, associated to narcolepsy-cataplexy has ever been analyzed from DNA samples of HAT patients.
As stage II patients are generally treated with melarsoprol, an arsenate that may provoke a deadly reactive encephalopathy, 2,9 a precise determination of the HAT evolution stage is therefore crucial. The reversibility of the sleep-wake cycle and sleep structure alterations after appropriate treatment constitutes the basis of an evaluation of the healing process.
9 However, if the association of polysomnography to help avoiding misdiagnosed stages and/or post-treatment follow-up in HAT patients is of interest, there is no clear indication to date that hypocretin-1 analysis would help in this context even in the presence of EDS and/or major sleep-wake cycle disruptions. In addition, normal CSF hypocretin levels do not necessarily imply a normal hypocretin function/cell count 25, 26 and dysfunction of other aspects of the hypocretin system such as hypocretin receptor 1 or 2, or involving another neuromodulating system needs to be elucidated. Hence, the hypothalamic involvement in the occurrence of SOREMPs and sleep disruptions may result from a complex interaction between hypocretin and prolactin neurons in HAT, as hypoprolactinemic rats present SOREMPs. 27 An increased CSF prostaglandin D2 levels has also been reported in HAT patients and may be another possible candidate for sleep-wake disturbances in this disorder. 28 Another hypothesis linking the hypothalamic dysfunction to that of serotoninergic pontine networks, which are deeply involved in sleep mechanisms especially regarding REM sleep triggering, has been forwarded. 29 Hence, a previous study has also shown a degeneration of serotonin-specific neurons in experimental infection of mice by Trypanosoma brucei rhodesiense.
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